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2 QUARKONIA

1. Quarkonia are very “unusual” hadrons

heavy quark (QQ) bound states stable under strong decay
e heavy:m_ >~ 1.2 — 1.4 GeV, m, = 4.6 — 4.9 GeV
e stable: M-, - 2M; << 0 and Mg, - 2Mj << 0

What is “usual”?

e light quark (qq) constituents

* [oosely bound, M, —2M_ > 0, Mg — 2Mg =0
* hadronic size ~ 1/ A ocp = 1 fm, independent of mass

//
Z

(At T = 0 Cornell potential gives full spectroscopy)

state Y Y’ Y T’ T
mass [GeV] 3.10 3.68 9.46 10.02 10.36
AE [GeV]  0.64 0.05 1.10 0.54 0.20
radius [fm] 025 0.45 0.14 0.28 0.39

Relativistic Heavy lon Physics
By F Becattini, P Braun-Munzinger, Rainer Fries, C Gale, ]. Schaffner-Bielich
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DEBYE SCREENING

* In a high temperature quark gluon plasma we expect weaker color
binding (Debye screening + asymptotic freedom)

e Also, high energy plasma particles which collide with bound states
cause them to have shorter lifetimes — larger spectral widths

T =0.00 GeV
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Sequential Melting

0.6

05N Y(1s) |- Imaginary Par e Sequential Melting due to

m Real Part

04

the Debye screening.
e Helps quantify medium
properties ( temperature )
A.Mocsy arXiv:0811.0337
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o b — = Strickland et al (201 1)
00 AR iy (arXiv:1 101.4651)
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The Compact Muon Solenoid

oOVY YA RY n‘-\')"' i '.,...:;)1?-".’,

CMS DETECTOR ey

~im*  ~66M channels
Microstrips (80-180uum)

Pixe | S ~200m* ~9.6M channels

Sty CRYSTAL ELECTROMAGNETIC
I FTdCKE! CALORIMETER (ECAL)

EC AL ~76k scintillating PbWO, crystals

HCAL
Solenoid
PRESHOWER
StEEl YO ke Silicon strips
Auone ~16m* ~137k channels
STEEL RETURN YOKE
~13000 tonnes
SUPERCONDUCTING
SOLENOID
Niobium-titanium coil *
carying ~18000 A ¥ FORWARD
' CALORIMETER
) | 3 Steel + quartz fibres
HADRON CALORIMETER (HCAL) ' S e
Total weight : 14000 tonnes Brass + pliasticlscintillator ) HUON CHAMBERS
Overall diameter :15.0m ~Tk channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
Overall length :28.7m Endcaps: 468 Cathode Strip & 432 Resistive Plate Chambers

Magnetic field :3.8T
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Muon reconstruction in CMS
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Global muons reconstructed with information from tratker and muon stations

Transverse slice
through CM&

* Muons need to overcome the magnetic field and energy loss in the absorber
— need a minimum momentum of p~3-5 GeV/c to reach the muon stations

* Further muon ID based on track quality ( x 2, # hits,...)
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Y candidate in PbPb at Vsnn = 2.76 TeV

CMS Experiment at the LHC, CERN

Data recorded: 2010-Nov-12 03:55:57.236106 GMT{04:55:57 CEST)
Run / Event: 150887 /1792020

Itu~ pair:mass: /9.46 GeV/c?

OT: 0.06 GeV/c -4
U*ipT = 4.74 GeV/c

U™pT = 4.70 GeV/c

Trigger must be:
e / Fast

o/ / Flexible

o/ Efficient (95 %)
« Redundant

ardware L1 Trigger +
LT
Dimuon trigger rate ~ 30 Hrtz
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Muon pairs in PbPb at Vsan = 2.76 TeV
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* Detailed paper based on 2010 data

* First measurements of Nuclear
modification factor (Raa) for:

» non-prompt J/¢ (from B decays)
» prompt J/ ¥
» Y(15)

* Raa as a function of:

» centrality: non-prompt J/ ¢,
prompt J/¥, Y(1S)

» pr: prompt J/¥, Y(15)
» rapidity: prompt )/, Y(1S)
_ L Npvpb(J/1) Epp

J/W¥ and Y(1S) suppression in PbPb at 2.76 TeV

Ran =
A4 T aNus Npp(J/¥) eppppb(cent)

arXiv:1201.5069v1 [nucl-ex] 24 Jan 2012

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

(7o) CERN-PH-EP/2011-170

CMS% YN a012/01/25

CMS-HIN-10-006

Suppression of non-prompt ]/, prompt J/, and Y(1S)
in PbPb collisions at , /5. = 2.76 TeV

The CMS Collaboration*

Abstract

Yields of prompt and non-prompt [/, as well as Y({1S) mesons, are measured by the
CMS experiment via their ™~ decays in PbPb and pp collisions at /s, = 2.76 TeV
for quarkonium rapidity |y| < 2.4. Differential cross sections and nuclear modifica-
tion factors are reported as functions of ¥ and transverse momentum pr, as well as
collision centrality. For prompt /¢ with relatively high py (6.5 < pr < 30GeV/¢), a
strong, centrality-dependent suppression is observed in PbPb collisions, compared to
the yield in pp collisions scaled by the number of inelastic nucleon-nucleon collisions.
In the same kinematic range, a suppression of non-prompt [/, which is sensitive to
the in-medium b-quark energy loss, is measured for the first time. Also the low-pr
Y(1S) mesons are suppressed in PbPb collisions.

Submitted to the Journal of High Inergy Physics

Accepted to JHEP
(arXiv:1201.5069)

“See Appendix B for the list of collaboration members
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Events / (0.14 GeV/c?)

Y(nS) in pp at \s = 2.76 TeV

3 @ Signal shape: sum of three Crystal Ball functions
80~ o data CMS pp Vs =2.76 TeV B .
705__ i | lyl<24 E * Background: 2°¢ order polynomial
- N 0<p, <20 GeVic 1 ® FPree parameters:
60 p" >4 GeV/ L. = 231nb’ ]
P Py 7 2 et n " : » Y(1S) mass
50~ - » Y(18) yield
- o = 92 MeV/c? (fixed to MC) 1
40— - » Y'(25+3S)/Y(1S) yield ratio
305_ _f » Y(2S)/Y(1S) yield ratio
20 =
- + 1 ® Mass ratios of higher states fixed to PDG
10—
- 1 * Y(1S) resolution fixed from MC: 92 MeV/c?
I I I I I - I | I T I I I | I I L1 1 1-1
"8 8 10 11 12 18 14  » Consistent with fits when leaving resolution frec
m,, (GeV/c?) (both in pp and PbPb)
Nygs) = 101 + 12 * Resolution of higher states fixed to scale with

mass ratio 0 25 = mas/mis O 1s

T(2S + 3S) /7 (18)|pp = 0.7875 15 £ 0.02 » Crystal Ball radiative tail fixed to MC

10
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Y(nS) in PbPb at Vvsnn = 2.76 TeV

S 1 @ Signal shape: sum of three Crystal Ball functions
§ [ ¢ data CMS PbPb \[s,, =2.76 TeV ] .
3 60:—_ it Cent. 0-100%, lyl < 2.4 E * Background: 2" order polynomial
Al 50: 0<p, <20 GeVic 1 ® Free parameters:
. ) 7
g - p‘T >4 GeV/c L, =7.28 ub . ) Y(l S) mass
2] = -
<40 2 B » Y(1S) yield
u>.| - o =92 MeV/c” (fixed to MC) - . .
aof- - » Y'(25+3S)/Y(1S) yield ratio
- # - » Y(2S)/Y(1S) yield ratio
201 + %
10_ 1] * Mass ratios of higher states fixed to PDG
S pe BT T o i) resolution fixed from MC: 92 MeV/c?
| I I N I I I - I | I T I I I | I I L1 1 1
% 8 9 10 1 12 13 14 » Consistent with fits when leaving resolution free
m,, (GeV/c?) (both in pp and PbPb)
Ny (18) = 86 + 12 * Resolution of higher states fixed to scale with

mass ratio 0 25 = mas/mis O 1s

T(QS -+ 3S)/T(18)‘pbpb = 024:8%3 + 0.02 » Crystal Ball radiative tail fixed to MC
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Y(25+3S) Suppression

.=-] | L I LI L I LI l L I L I L I L lf _— | L L I | L L I | L L I | L L L I | L L I | L L L I | l_l
80 « gata CMSpp\s=276TeV L [ e daa CMS PbPb |y = 2.76 TeV -
of — fit lyl < 2.4 E S 603_— PbPb fit Cent. 0-100%, lyl<24

- 0<p, <20 GeV/c : I [ ppshape fI 0<p_ <20 GeVic i
60 P >4 GeVic L, = 231 nb’ — o 50 :_ p. >4 GeV/c L, =7.28 ub™ E

- : o I ;

: o = 92 MeV/c? (fixed to MC) 1 D o =92 MeV/c? (fixed to MC) -
401 Nygy = 101 = 127 30f s Ny(1s) =86 =12 -
30 - N :

E ¢ E 20_— + i
20— - _ : }
10:_ + 10 * +1-

I | I I L1 11 I L1 11 I L1 11 I L1 1 1 I | I+I- Fl L1 1 l L1 11 I 1 11 I L1 1 1 I L1 11 l L1 11 I L1 11
v 8 9 10 11 12 13 14 v 8 9 10 11 12 13 14
m,, (GeV/c?) m,, (GeV/c?)
0.13
T'(2S + 3S)/7(1S)|pp = 0.7813:16 + 0.02 (28 +3S)/Y(18)|pbpp = 0.2475 15 + 0.02

® Measure Y(25+3S) production relative to Y (1S) production
PRL 107 (2011) 052302

* Simultaneous fit to pp and PbPb data at 2.76 TeV

Y(2S + 3S)/T(1S)|pvrb

0313019 1
T@S+38)/7(1S),, _ ot-o1s =008

12
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Could background fluctuation produce a result as extreme

as observed in data?

Generate pseudo-experiments
following the null-hypothesis

(i.e. no suppression)

Fit pseudo-data samples with
nominal fit

Count fraction of occurrences for
which the ratio (taken as test
statistic) is same or lower than
observed:

— p-value: 0.9%

— 2.40 (1-sided Gaussian test)

Frrrprrrl L I A A A I R A A A O B
a I | I | I |

CMS 7N

N
-
4
I
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Y(TS) Raa

é 2.5_] LI l LI I LI I LI I LA I LI I LI I LI I LI I LI l- E —l LI I LI I LI I LI I LI I LI I LI I LI I LI I LI I LI I LI l_ é -] T I TT1 171 I TT 17T I T 11T I T 111 I TT 11 I TT 17T I TTrTr l—

T | CMSPbPb\5,=276TeV ~ {T 14 CMSPbPb\[s,=276TeV 7 & 14- CMSPbPb\5y,=276TeV -

L eYas) 1 . YOS I R R .

i i § - i 10-20% .

i i 1 . = :

150 - : ] " 20-100% ]

[ 1 o8 T 4 osf ' .

- i - . - 0-10%

1= | osf- + 4 osf B

i 0.4f- 1 oaf + h

05 e ~ i i f :

I Cent.0-100% |  0.2] Cent. 0-100% 4 02flyi<24 -

i lyl <24 i - 0<p, <20 GeV/c . - 0<p_<20 GeV/c .

111 I 111 I 111 I 1.1 1 l L1l I 111 I L1 1 I 111 I 1.1 1 l 111l _I 11 I 111 I L1l I 111 I L1l I 111 I L1l I 111 I 111 I 111 l 111 I 11 l— _| L1 I :I-| L1 I L1 11 I L1111 I L 111 I L 111 I 1111 I L1 I—
2 4 6 8 10 12 14 16 18 X 02040608 1 12141618 2 2224 P 50 100 150 200 250 300 350 400

p, (GeVrc) lyl Noar
[
Y'(1S) suppressed at low pr Ras — Ly,  Npppp(T(1S)) Epp
. . . . R
No obvious rapidity dependence TaaNvB Npp(T(1S)) EpbPb(cent)

* CMS: Y(1S)
» suppressed by factor ~2.2 in 0-10%
* Large feed down contribution from excited states ( X b, Y (2S), Y(3S))
» Observed Y (1S) suppression consistent with melting of excited states only

arXiv:1201.5069
(accepted to JHEP)

|4
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Y(1S) Raa

E 2.5’_1 LI l LI I LI I LI I LI I LI I LI I LI I LI I LI I- g —I LI I LI I LI I LI I LI I L I LI I LI I LI I T I LI l LI I_ é —l T 711 I L L I TT 171 I L L l L L I L L l TT 171 I T T 7T l—
T L CMSPbPb \[sy =276 TeV 1@ 14 CMSPbPb \[sy =276 TeV ] @ 14 PbPb\[5, =276TeV AuAu\[5,=200GeV -
i i - ] - & CMS:Y(1S) ¥r STAR:Y(1S+2S+3S) [
o ¢ Y(1S) — 1.2 ¢ Y(1S) — 1_2__ lyl<2.4 lyl<0.5 (preliminary) a
B 7 B ] B 00< p. <20 GeV/c i
I — i
i i 1 i 1= -
1.5 — - . -
5 - . - i
| 4 0.8 7 0.8(— t -
- . - : s ]
1= 0.6 + 4 os Jr ]
- 1 o4 +H  o04f + -
0.5 + — - ] - .
= Cent. 0-100% - 0.2~ Cent. 0-100% ~ 0.2~ n
i lyl<2.4 i - 0<p <20 GeVlc - .
L1 I 111 I 111 I 111 l L1l I 111 I L1l I L1l I 111 I | . _l 11 I 111 l 111 I 111 l L1l I 111 I L1l I 111 I 111 I 111 I 111 | 11 I— _| L1 I L1111 I L1 11 I [ | I L1111 I L 111 | L1 11 I L1l |—
00 2 4 6 8 10 12 14 16 18 2 02040608 1 12141618 2 22 24 00 50 100 150 200 250 300 350 400
p. (GeV/c) lyl Noan

* Y(1S) suppressed at low pr
* No obvious rapidity dependence
* CMS: Y(1S)
» suppressed by factor ~2.2 in 0—10%

* STAR measures Raa(Y(1S+28+38)) =0.56 £0.217078  (arXiv:1109.3891)
1+ T(2S -+ 3S)/T(18)|pbpb

) —100%): Raa(Y(1S+25+3S)) = Raa(T(18S)) X
for CMS (0—100%) aa(X( )) = Raa(T(18)) x —— (25 + 39)/7(15) oy
— 0.63 X % ~ (.44 arXiv:1201.5069
Guillermo Breto Rangel — UC Davis — Berkeley School of CoIIect_ii\_/e Dynamics |5 _(accepted to JHEP) >



Y(1S) Raa

é 2.5_] T ] LI I LI I LI l I l LI ] TIpr I LI I LI l T l_ E -l LI I LI I L ] LI I LI I LI I L I LI l_ 1-1 v v v
T CMSPbPb\[sy =276 TeV {E 14 CMS PbPb \[s =2.76 TeV N 0; III..II

i ¢ Y(1S - - ¢ Y(1S . '

ol (18) 1 12f (1S) - -
i - - - 0.7
i —9— i
i i 1 < 06

1.5~ M. Strickland - - M. Strickland i = o8

[ —4m/S=1 1 o8| N Ot
- - I : 0.3}

1= 0.6 - °2[ Rapp etal. (arXiv:1111.6537)
i ] i il 0.1 -
- S N ] . : ‘ o
- — 1 04 i C 50 100 150 200 250 300 350 400 450

0.5 + ] : --------- i Npar‘.

= Cent. 0-100% - 02— lyl<24 N
i lyl<2.4 i - 0<p_<20GeVlc .
L 11 I 111 I 11 I 11 1 l L1l I L 11 I L1 1 I 11 I L1 1 I L1l _I 111 I TI 11 | 1111 I L1 11 I 111 I L1 11 | 1111 I L 11 I—

b 24 6 8 10 12 14 16 18 2 % 50 100 150 200 250 300 350 400

P, (GeV/ic) Noart 1.2

ISong et al. (PRC 85 (2012) 014902)
1.0 1 T —

* Y(1S) suppressed at low pr

* No obvious rapidity dependence

* A lot of activity on the theory side
» Strickland (PRI 107 (2011) 132301)

» Rapp et al. (arXiv:1111.6537) ] . CMS

» Song et al. (PRC 85 (2012) 014902) R |

» Brezinski et al. PLLB 707 (2012) 534 o o 0 B0 100 130 200 280 300 3m0 400
arAlv. .

N
(accepted to JHEP) part
|16
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~~ :I TTT | TTTT | TTTT I TTTT I TTTT | TTTT | IIIIIIIIIIII :
I | . J/ §300__ CMS pp \@ =2.76 TeV ]
nclusive JAy s ;
S 250 <24 -
© [ 65<p <30GeVic c =36 MeV/ic?
Prompt JAp P S0+ g .
from B decays 2 [ #oa | :
S L &% bkgd + non-prompt -
L 150~ aasi background ~
1001 -
501 .
arXiv:1201.5069 6 27 28 29 3 31 32 38 8435
. (accepted to JHEP) m,, (GeV/c?)
®* Reconstruct u'u~ vertex
’é\ = NN LR LR 3
. _ E [ CMSpp\s=276TeV .
® Simultaneous fit of u"u~ mass and - _
o int = : ]
pseudo-proper decay length S ) 65<p<30Geve 3
@ [ fy o daa :
s [ Wh %% total it 1
> gé %% bkgd + non-prompt
W 102 ?.?f ==== background =
—_ - A% .
Lijp = : z" :
L ; -
7
10 % E
| §
i ) _
1 -
B | &, I | .
1 0.5 P 0.5 1 15 2
) Iy (mm) |7
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Prompt vs. non-prompt J/¥ in PbPb

— LI L L L L L L B B L ’é‘  rrerrrprrrrprrvyeiepreeeirprerirprrir
o . i i i
§ 120 CMS PbPb \/SNN =2.76 TeV — qE) _ CMS PbPb \fSNN =2.76 TeV i
G [ Ly=728ub" 1 810°L L,=728ub"  Cent 0-100%, Iyl <24 —
& 100~ Cent. 0-100%, lyl < 2.4 - S ¢ 6.5<p_ <30 GeVlc .
S | 65<p <30GeVlc o =34 MeV/ic?  _ a e data -
- - i - i %554 total fit |
o 80 ¢ data ‘ | 2 102 %% bkgd + non-prompt |
S % total fit . L - ===+ background .
S | &&0< bkgd + non-prompt 4 - .
W 60 ==-:background — - .
40 B _ 10 =
20— — - N
l¢lllIllllIllllIlI¢lllllllIIlllIlIllIllllpIIl’lﬁ :lllll lllIlllIIl . Illlllllll-
6 27 28 29 3 31 32 33 34 35 -1 -0.5 0 0.5 1 1.5 2

m,, (GeV/c?) Ly, (mm)
* First time that prompt and non-prompt |/ Y have been separated in heavy ion
collisions
arXiv:1201.5069
(accepted to JHEP)
18
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Prompt )/ Raa vs. prandy

§ _l T T 1 I T 1T 1 ] T T 71 I T 171 ] T T 1 I T T 1 I— 2( _I T I | I | I L | T I | I T I | I | I | L | T I T I_
@ 147 CMS PbPb \/s\y = 2.76 TeV ~ @ 14~  CMS PbPb \/s\\=2.76 TeV ~
1-2:_ = Prompt J/y _: 1ol m Prompt J/y N
1 1 i
A i i
0.8 - - 0.8_— _
- Global uncertainty from Lpp and Taa |j - i
0.6/ - 0.6 -
0.4~ = 0.4 . =
- e : : B :
0.2— Cent. 0-100% 0.2 Cent. 0-100% —
- | | | 1 lyl < 2-14 ] - 6.5<p_<30GeV/c .
(0 I I - I - _llllllllIIIIIIIlIIIIIIIlIIIIIII|III|IIIIII|III—

0 S 10 15 20 235 30 % 02040608 1 12141618 2 22 24

P, (GeV/c) y|

* CMS: pt> 6.5 GeV/c
PT Lyp  Npvpo(J/) Epp

» Factor 3 suppression for pr > 6.5 GeV/c and at Rajg =
TaaNug Npp(J t
y=0 AAIYMB o(J/¥) epppp(cent)

» Trend to less suppression at forward rapidity

arXiv:1201.5069 9
Guillermo Breto Rangel — UC Davis — XII Hadron Physics 19 (accepted to JHEP)




Prompt )/ Raa vs. prandy

* CMS: pt> 6.5 GeV/c
» Factor 3 suppression for pr > 6.5 GeV/cand aty =0

» Trend to less suppression at forward rapidity ¢ T
. . C 1.4 PbPb \[5 =2.76 TeV -
* STAR: no suppression at high pr - . M brompt Jfo :
* PHENIX: lower pr 1.2 Cent. 0-100%, lyl < 2.4 N
: . 1 i * i
» opposite rapidity dependence ]
11—
é _I UL LI LI I LI I LI l LI I UL I LI | LI LI l_ : ] AUAu \‘SNN - 200 Gev |
o 141 PbPb \[S. = 2.76 TeV - 0.8_— 4 * o PHENIXf J/ (lyl<0.35) -
5 m CMS: prompt JAp . _ o PHENIX: J/ (1.2<lyl<2.2) i
10l Cent. 0-100% ] 06 ’ (both PRL 98 (2007) 232301)
i 6.5 < p, <30 GeV/c . - ; * STAR: JAp (preliminary) :
- bl il Cent. 0-60%, lyl<1.0 -
1 0.4 -
- AuAu \[s =200 GeV i —— # —
0.8 o PHENIX: JAp (lyl<0.35) ] 02l E
i o PHENIX: Jhp (1.2<lyl<2.2)  _ “IB) _
06 (both PRL 98 (2007) 232301) | - i
* - _ L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 l L1 1 1 I L1 1 1
i j % 5 10 15 20 25 30
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arXiv:1201.5069

y
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Prompt J/Y¥ Raa vs. centrality

—I L | L LI I L l L I L | IR I L I—
1.4 PbPb \[s.. = 2.76 TeV — * Prompt)/¥:
m CMS: prompt JAhp .
$ofl yl<2.4 - » 0-10% suppressed by factor 5
: 6.5< p, <30 GeV/c i with respect to pp
'
- AUAUNE =200GeV | ] » 50-100% suppressed by factor ~1.6
o PHENIX: Jhp (Iyl<0.35) - . .
0.8 , i . PHENIX. J,$ §1y_z<,y,<)2_2)—_ * Similar suppression seen by PHENIX
0-6— - ; (both PRC 84 (2011) 054912) —: ) though at |Ower pT
- ﬁ Eﬁ+ ; :
0.4 -
- 5. - : )
ool L
_I 111 I L1 11 I 111 I | . l L1 1 1 I L1 11 I 1111 I L1 1 I—
© 50 100 150 200 250 300 350 400
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arXiv:1201.5069
(accepted to JHEP)
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Prompt J/Y¥ Raa vs. centrality
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Prompt J/Y¥ Raa vs. centrality

llllllllllIIIIIIIIIIIIII|IIII|IIII|IIII

* ALICE: inclusive J/¥, pt > 0 GeV/c, m:E 1_4:—pbpb S0 = 2.76 TeV

° Centrality 0-80% - m CMS: prompt J/y ® ALICE: inclusive J/vy i
b Raa = 0.49 = 0.03 = 0.11 (Pillot, 12 <24 25<y <40 -
6.5 30 GeV/ arXiv: :
QM2011) : < p, < eV/c (arXiv:1202.1383) :
e Careful when comparing Raa of prompt 1=
)/ (CMS) and inclusive J/¥ (ALICE) 0a

» In pp at low pr: ~10% b-fraction

» From RHIC we know that open charm &
cross section is unmodified
(can assume the same for open bottom)
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» non-prompt J/¥ could shift Raa by 10% +
0.2 0 O
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Prompt J/Y¥ Raa vs. centrality

g —l LILELI I e l LI ] LI ] LI l LI I L I L l—
C 14 — - i .
~  CMS PbPb \[s, = 2.76 TeV ) Prompt J/ ¥
o[ ™ PromptJiy - » Most Central suppressed by factor 5
i i with respect to pp
1_ R. Rapp & X. Zhao : » Most Peripheral suppressed by factor
i — Prompt J/y (V=U) i ~1.6
08— \. | Shadowing -
i Cronin ]
_ ----- Formation time .
.51 B o Kinetic Rate Equation Approch
- i e Incorporates various effects.
0.4 — 1 :
- . e Assumes strong binding scenario
i | e Recombination negligible for pr>6.5 GeV/c
02— lyl<2.4 e T e Predict large suppression of primordial charmonia
- 6.5< p, < 30GeVC T =3 ( ~10 for central Pb-Pb collisions)
_l 111 I L1 11 I 111 I | . I L1 1 1 l L1 1 1 | 1111 I L1 1 I—
00 50 100 150 200 250 300 350 400
Npart

Zhao & Rapp, NPA 859 (201 1) |14
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Prompt J/¥: Cold Nuclear Matter effects?

E _lllllllllIlllllllllllllllllllllllllllll_ } —lllllllllllllllllllllllllllllllllllllll_

@C 14~  CMS PbPb \/s\, =2.76 TeV B @C 14~  CMS PbPb \/s\, =2.76 TeV B
NN NN

1.2:_ m Prompt JAp _: 1.2:_ = Prompt JAp _:

0.8} 0.8
N CNM: CEM NLO | [ |
0.6 ] EKS - 0.6
i + I nDSg ) [ + CNM: traditional 2 - 2 |
- Lansberg, and Matagne (reimnary) - T EKS :
0.4 5 mm—— DA I nDSg -
B 7 B Ferreiro, Fleuret, Rakotozafindrabe,
: : : Lansberg, and Matagne (preliminary) :
02— 1lyl<24 . Q - 02 lyl<24 o o -
- 6.5<pT<30 GeV/c - - 6.5<pT<30 GeV/c -
—lllllllllIllllIllllIllllllllllllll'llll- —lllllllllllllllllllllllllIllllllllIllll_
00 50 100 150 200 250 300 350 400 00 50 100 150 200 250 300 350 400
Npart Npart
* Work in progress to estimate (anti)shadowing contributions Ferreiro et al.
= Two different nuclear parton distribution functions. (preliminary)

= Traditional 2 -> 2 calculations include kT smearing.
=  Suppression beyond the reach of CNM effects.
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CMS PbPb \[sy, =2.76 TeV
= Prompt JAp
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B * Non-prompt J/

—

. 20-100% 0-20%
- Iyl <2.4 :

- 6.5< p, < 30 GeV/c
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00 50 100 150 200 250 300 350 400
Npart

1.5

0 20 40

Open heavy-flavour: Non-Prompt J/¥ Raa

~ CMS Preliminary
— PbPbys,, =2.76 TeV

| | | I I |
T o4 Uncertainty
zo

W pi > 25 GeV/c

- 0-1 0%’j L dt=7-150 Hbq —e— lIsolated photon
—&— Charged particles

b-quarks (0-20%)

(via secondary J/v)

lyl<2.0 —

n"1<2.1

Ini<1.44

ml<1.0
nl<2.4

60 80

M, [GeV]

* Suppression of non-prompt J/ ¥ observed in min. bias and central PbPb collisions

» First indications of high-pt b-quark quenching!

arXiv:1201.5069

(accepted to JHEP)
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Outlook

CMS ION LUMINOSITY 2011 and 2010

® Recorded 150 ub~!in 2011

180.0
160.0 o » including a double muon trigger without pr cut
1400 | / x |5 (muon pr reach limited only by acceptance)
120.0 . . . o . .
¥ * Will be able to study quarkonia in PbPb collisions in
- 100.0 )
* 0.0 :ZZ;Z:EEE mUCh mofre detaﬂ
500 o » Double differential measurements of prompt J/ ¥ Raa
40.0
o ¥ » Precise measurement of excited Y states double ratio
0.0  e-e-e—e-ee@iso—— !9‘“"“-“‘..'«“,‘“ — 4 RAA Of Y(ﬂS) states
5/11 10/11 15/11 20/11 25/11 30/11 5/12 10/12
Pav/Month in 2010 and 2011 » Map centrality and pr dependence of b-quark energy
1200 LN ] P LN LI LN I LI B ] LI I i .
—aunt SRR loss with non-prompt J/ V),
8 - CMS Preliminary . . ' — . : —
©1000]- PbPb\[Syy =276 TeV - © 10t | CMS Preliminary ' -
|« opposite-sign pairs ) E E Y(1,2,39) PbPb \’SNN =276 TeV §
. . 1%y _ -
800l © same-sign pairs . 5 - L (2011) =50 ub 7
: - t 10°E =
- Liy=50 ub! 1 0>) E
600 —_ o = 33 MeV/c? __ w [ :
i i 102 =
400 . - V4 .
i ] 10 =
2001 - - =
000000 00o%%00%000 a 1— )
A T Y A T P e e =
86 27 28 29 3 31 32 33 34 E " > 4.0 GeVic 5
m. . (up) [GeV/c?] . . ——
10 10° 27
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Summary

g -l LI I LI I LI L I | I L I | I LI L I L I—
@C 14~  CMS PbPb \/s\, =276 TeV ~
i = Prompt JAp i
1.2~ * Non-prompt J/p N
¢ Y(18) - In PbPb collisions at Vsnn = 2.76 TeV
1= :
0.8 —~ ,
C ] *Y'(25+3S) suppressed relative to Y(1S)
o6 g » Observed Y(1S) suppression
0.4l + - consistent with melting of excited
N ] states only
02— lyl<2.4 - —
- - o
- 6.5< pi’w <30 GeV/c 0< pI <20 GeV/c - J/ w from B decays suppressed
—I L1 1 I L1 11 | L1 11 I | S | I | I .| I L1 11 | L1 11 I L 11 I_
% 50 100 150 200 250 300 350 400
Npart
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Y(25+3S) Suppression and J/¥ Questions

R ' I N L

-« daa CMS Preliminary - 05 o T T T
OF — Porofit | PbPb \[Syy=2.76 TeV~ Song et al. (arXiv:1112.061) { = [ CMSPoPb\sy=276TeV -

. pp shape f| 0-100%, 0.0 < lyl <2.4 1 . 0.4 - - 1o " Promet -
50:_p: >4 GeV/c 0<p, <20 GeV/c B % 2 Ceemmmm e . -
401_ L, =7.28ub" _Z 5 % 0.3 - L == | 1_ ‘ R. R:pp&:(J/Zh?\;) 5

B i . - AN — Prompt J/y (V= i

N o =92 MeV/c? (fixed to MC) Ef Ef 1 ke - 1 0.8 ----- (S:had_owing -
30:— H NT(lS) = 86 £ 12 —: —~ = 02" -7 K + -»»Fczcr)rr::gtion time

B b g ' 1 w»nlwn L - 06_— ]

N T 1TM M B
20F + + N | D 0.4 ]

- QN 0.1 . i

n | > smooth i L
10 i 02 lyl<2.4 e - ]

- - - - fluctuated - 6.5<p. <30 GeV/c T
R + 0.0 T T T T _lll||||T||||||||||||||||||||||||||||||||_
EFIVENENS EFVEFEF IS I SIS A A S ! ! ! % 50 100 150 200 250 300 350 400
Y% 9 10 11 12 13 14 0 5 10 15 20 .
art
m,, (GeV/c?) p. (GeV) ,,
PRL 107 (2011) 052302
T(25+39)/7(15) oy
* With 2011 data (For Y(1S+25+3S)) : (ForJ/ V)
» Confirm suppression of excited states with » out to which pT do J/psi remain
higher precision suppressed?
» Measure double ratio as a function of » does J/psi flow?

centrality, pr...

» is there a centrality dependence of the

double ratio?
29
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Backup
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Tag & Probe

© 14 A Bt dE - T Tl | - £ 900F ~aec Pretimir 7TV L w80 3 . .
?; [ CVMS Frelmnary NS = 7 TeV. L ::.C.nn . CMS Prafiminary NG = 7 TeV, L= 60 nb 'Trackmg CfﬁClGﬁCY:
o 1208 pasang probes uod falirg probes
o » 700 3 . .
S 1ok c00 . 7 *Tag: high quality muon
T g '
= &0 soof- 4 #7 ¢ -
: . «F failin *Probe: track in the muon station
: 300 g
40 .
o 200F ML(J:SSI ';AOSOZ* *Passing Probe:
Thes, w0 100} -1VU- r
rasatibtttbonbibiibbiick bbby, @ Etttebtcbtebbbttbatatlastabantbin » Probe that is also reconstructed as global

dmuon mass (GeVic®) dim ass (GeVic”) . . . .
onmass | ron mass e muon (1.e. with a track in the Si-tracker)

1I]l]llllII1IIIIIITIIIIIIIITIIIIIIIIIITI

- %'

*Reconstruct |/ ¥ peak in passing probe-tag
pairs and in failing probe-tag pairs

o
©

Ill]lll]l

Single n Efficiency
o
m
]

~

*Simultaneous fit to passing and failing

© ©
o))

CMS Preliminary probes allows us to measure the efficiency of

Illlllllllllllllllllllllllllllllllllllll[lllllll

05 PoPb Sy =276 TeV the inner track reconstruction
0.4f
0_35_ * Agreement within stat. uncertainty of data
0_25_ Tracking Efficiency — 14% systematic uncertainty on data/MC
e sgreement
00:| bbb bbb o CMS PAS > dominant.systematicouncertainties on
pt (GeV/c) HIN-10-006 cross section results in PbPb
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. Se arate rom t&non_ rom t w ’E\“oszlllllll]]llllllIIIIIIIIIIIIIIIE
P P P P b J / E CMS Simulation ]

: : : 2 e - 1

® HI tracking algorithm uses vertex constraint S o% \'s =2.76 TeV 1
< 10°F PYTHIA + EviGen: B— Jhy =

» Smaller efficiency for non-prompt than for g | %, o ppreconstrucon
pmeth/ w (D : .3 Ry ® Hireconstruction |

10°E * 3

» Effect increases with pr : ﬁ :

* Efficiencies from Monte Carlo - #ﬁ i
» Simulate signal with “realistic” PYTHIA : ﬁﬁm + %@‘5

» Embed signal in min. bias event simulated with YR B Y-S Sy —
HYDJET (also in data) sy (mm)

O SN RN RN LA AR LR R

. . . . (&] - .

» Validated MC by comparing etficiencies § oof PYTHIA+EViGen+HYDJET (Bass) 4

. . O - m P tJ .

measured with “Tag & Probe” in MC and data = o8l ; N::]:rorr/\tt e

0.7f -

06F -

0.52— n ° y + —

0.4F =

: R ST + :

0.35— . * —E

024 X CMS Simulation E

0.1F- PbPb \[Syy=2.76 TeV ]

S S R A NI
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Epinding [GeVY]
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Sequential Melting

e Sequential Melting due to
the Debye screening.

e Helps quantify medium

properties ( temperature )

A.Mocsy arXiv:0811.0337

T/T¢

1/(r) [fm1]

0 Y(1S)
When does it
dissociate? I/(1S)
Xb'(zp)
x(1P)

Y'(3S)
w'(2S)




| | 1 |

1 | | |

| | | |

Y(1S) Acceptance and Efficiency

Acceptance Efficiency
' 1:""I""I""I""I""I""I':
09k PYTHIA+EviGen+HYDJET(Bass) 3
08f- ¢ Y(18) :
- ':’.;":z::::.::'_-a.:, 07 -
0.6 ¢ ¢ + =
- ¢ ¢ .
os-* 5
0.4F =
CMS Simulation 03F 3
PYTHIA + EvtGen + PHOTOS : ;
pp Vs = 2.76 TeV 021 CMS Simulation E
Y(1 S) o1F- PbPb \(Syy = 2.76 TeV -
%_ 1 1 1 1 é 1 11 11 lol | I | 11 151 1 1 12|0 1 1 1 12151 11 l3lol 1

y P, (GeV/c)

®* LEfficiencies from Monte Carlo

» Validated with data driven method (Tag & Probe)

* Acceptance to pr = 0 GeV/c
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J/Y inppat+s=7TeV

prompt J/y— u* w, uncorrected for acceptance

1 | | | | I 1 | I 1
I o0t CMS Vs=7TeV L=37pb"'
- Y —©— 0.0<lyl <09 (x625) —
- ’ —— 0.9<lyl < 1.2 (x125) 3
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; 1 1 L ] ] 1 ;
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* Uncorrected for acceptance
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N

CMS-BPH-10-014

arXiv:l111.1557

(accepted by JHEP)
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CMS-BPH-10-014

non-prompt JAy— u* w, uncorrected for acceptance

1 I I I I 1 1 I I 1
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YW(2S)inp

prompt w(2$)—> w' u, uncorrected for acceptance

patvs=7TeV

CMS-BPH-10-014

non-prompt w(2S)—> uw" w, uncorrected for acceptance

1
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U | I
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'8 » 7 g B >—'Jf~ I —— B
~ L - — —— - e i . ;'—‘_{':}_‘ I —
> | | 1> —r T - |
i : 4 : i
g | 3 DR
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@) __# N @) - ++ T -
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C | L 1 | & L 1 | 1 1 | 1 L
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* Uncorrected for acceptance

CMS-BPH-10-014

arXiv:l111.1557

(accepted by JHEP)
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Y (25+3S) Suppression

Systematic uncertainty: 9.1%

Statistical uncertainty: 55%

Null-hypothesis testing:

» p-value = 1%

» Significance of suppressionis 2.4 0

Relative suppression of Y (25+3S) vs. Y(1S)

» Observation consistent with melting of the excited states only?

What about cold nuclear matter effects?

» Shadowing cancelling in the Y(2S+3S)/Y(1S) ratio

» pA run?

PRL 107 (2011) 052302
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Y(IS) Raa

é2'5_"']"']'"I"‘I"'l"']"']"']"'["'_g RAAERAANRARNRARE RRRN RN RRRERERE LARE RLRE RERE RRRY g L DAL LR BN BLELELELE BLELELELE LRI IR

- CMS PbPb \[syy = 2.76 TeV 1E 147 CMS PbPb \[sy, = 2.76 TeV 7@ 14 CMS PbPb \[s, =2.76 TeV -

e Y(19) ] - e Y(s : - e Y(s ]

2 1 ter 1o 1 2r 1o -

i —— i : N i

1.5~ M. Strickland — : " M. Strickland

- _ - - 4 - —4yS=1 -

- e 1 o8f e E 7 o8 I amecz

1 L T B 1 ol -

. ] o { | o8 :

- 1 04 M. Strickland | 04 -

05_‘% 7 - — 4nyS=1 ] - T T ’

- Cent. 0-100% 4 0.2~ Cent. 0-100% —duyS=2 - 02 lyl<24 —

- lyl<2.4 i - 0<p_<20GeVlc 4nyS=3 - - 0<p,_<20GeVlc -

v b Lo b b b b Penn Luwa Ly _llllllllllllIlIIIIlIlIIllllllllllllllllllllllll_ _|||||||||||||||||||||||||||||||||||||||_

2 4 6 8 10 12 14 16 18 2 02 040608 1 12141618 2 22 2. % 50 100 150 200 250 300 350 400
P, (GeV/ic) lyl Noan

* Y(1S) suppressed at low pr
* No obvious rapidity dependence
* CMS: Y(1S)
» suppressed by factor ~2.2 in 0-10%
® M. Strickland calculates Y(1S) and X b Raa (arXiv:1106.2571)

» For feed down: no explicit calculation of Y'(nS) Raa: assume all states as suppressed as the X b

» Rapidity and centrality dependence in wf%OOd agreement, but misses suppression at low pr
CMS-HIN-10-006

arXiv:1201.5069
(accepted to JHEP)
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J/ W in ultra-peripheral PbPb collisions

* Only two tracks in the event (the two muons), barely any energy in the calorimeters,
and classified in the 2.5% most peripheral collision bin for heavy ions

M 1 sper et of LN OO

Caes PoMiow MO0 S2 MV Oy
L B AL ML
L -

39
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Muon pairs in pp at Vs = 7 TeV
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J/Y inppatys=7TeV

prompt J/Ay— u* u, corrected for acceptance non-prompt JAp— u* w, corrected for acceptance
—— 1 I I I I I 1 I I —_—— - 1 I | I 1 1 1 1 I =
— " - —_— - - 3
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=~ 02 N ’0"0‘0 - —o—16<lyl <21(x5) \\"102 E_ L O —5— 1.6 <lyl <2.1 (x5) -—E
-g 10°E s O - w21 <lyl <24(x1) 3 -g N ISR w21 <lyl <24 (x1)
— E e O prompt NLO NRQCD E — - .0‘.0. FONLL -
> [ |y & . > - D —0— .
© r LTS . © VN N
~10E e o = e [ 0] S, - o =
Q. S - —— = Q - o O -
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4 ) S 1 2 3 o u i
o 1 3 * 5 E AL = ¢.<><
% F X SO 1 % 1F & —o— E
- = — 0 - -
X K ke - X = e ‘ Y ]
(28] 10'1 = S Y KRR = oM i XN i
n ? . 1 0.1 - * N 0 _
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- uncertainties not shown ] - uncertainty not shown -
1 1 L1 | 1 1 1 1 1 'm 1 ] L1 | o 1 1 ] 1 1
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* Prompt J/ ¥ well described by NRQCD

* Open heavy-tlavour:

» Non-prompt J/ ¥ fall faster at high pr than expected from FONLL

CMS-BPH-10-014
arXiv: 1 1 11.1557
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W (2S) in pp at /s = 7 TeV

o prompt y(2S)— u* w, corrected for acceptance . non-prompt w(2S)—> w" w, corrected for acceptance
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* Prompt ¥ (2S) well described by NRQCD

* Open heavy-tlavour:

» Non-prompt ¥ (2S) overestimated by FONLL (however, large uncertainty on BR(B— ¢ (25)X))

* falls faster with pr than expected from FONLL

CMS-BPH-10-014
arXiv: 1 1 11.1557
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Xcinppat+s=7TeV

® Measured radiative decay: X =]/ ¥ ¥
CMS DPS 201 1-011

* Photon measured by reconstructing
e"e” conversion paits

. N
» Excellent mass resolution © 4400 : CMS Prelkmni
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| 2 200] |
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Y(nS) in pp at Vs = 7 TeV
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* Separation of the 3 Y states with good mass resolution Phys. Rev. D 83 (201 1) 112004

* PYTHIA agrees in shape, but not in normalisation

» Total cross section overestimated by about a factor 2
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